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NATIONAL ADVISORY COMMITTEE F jR AERONAUTICS 

•0 
—i 

ADVANCE RESTRICTED REPORT 

V/IND-TUNNSL TESTS OF SINGLE- AND DUAL-ROTATING TRACTOR 

PROPELLERS AT LOW ELADE ANGLES AND OF TV>- AND THREE- 

BLADE TRACTOR PROPELLERS AT BLADE ANGLES UP TO 65° 

By W. H. Gray 

SUMMARY 

Tests were conduct fid in the propeller—research tun- 
nel of the Langley Memorial Aeronautical Laboratory to 
determine the characteristics at low blade angles of pro- 
P"llprs for which data at high blade angles r-re already. 
avr.ila'tlp.  In addition to the 1 c w~ blade—angl« results 
there ar« included data on two— and t hr a»— b lade propcll^rj 
of the same blade design, which have not been published 
and which cov-'-r a range of "blade angles from 20° to C5°, 

A chart lists the NACA rcpfrtß in which data m 
related t <-> s t s of thp same "blade design may be found. 

INTRODUCTION 

With the advent ->f high altitude airplanes , operation 
of propellers at low "i lade angles ^ecom-^s necessary for 
the take—off condition.  Results of tests at hladp angles 
applicable to this condition are presented h°rnin.  Inas- 
Euch as the tests wer« made pt low spp^d- , the effects cf 
compressibility could net l« measured.  Reference 1, hou- 
ever , presents results for propellers embodying several 
sections rt high tip speeds with lew blade angles and also 
presents a method of correcting propeller characteristics 
for compressibility effects at tip speeds below 0.9 the 
speed, of sound.  In the results reported in references 2, 
3 , and 4, charts are presented of data on single— r,nd 
dual—rotating propellers of different number of blades. 
Theco charts included results for blade angles ranging 
from 20° to 65°.  The data presented herein extend the 
results to include blade angles of 10° and 15°, 

Because a part of the data for two— and thrrn-bla.de 



pr --> p« ll^rs   has   n-t   previously   been   put 11 shod,   all   such 
data   srp    included   in   this   rsp-:rt. 

APPARATUS   AND   METHODS 

The tos ts W TP made with 
vi CUB   dua 1-r j t p tinr pr opn 11* r 

pr o p e 11 o r -re s p a r ch tunnp1 (ref 
an da.   din- e ns ion p d   d rawing of   t 
f i flirts   1 :, n d   2 .      A symmp tries. 
s 1 ipstrea ra   f or all t h o     t<? s t S    P 
pr 0 p^llT at bl ade angles r a n g 
0 V r-r-all lpn gth "f t he   sp in nor 
t h e    10"   and 15 n bla d p-an^: lo    t* 
hi phpr   hi o, d P an -IPS (SP ß   fit' 

the   t"st   sr-tup   us P. d   In   pr-"> — 
invp s t igat i "ns    in   the 
Tone   2).      A   photrgraph 
hp   test   setup   ere   shown   in 
1   wing  was   mounted   in   thp 
xcept   these   of   thp   two—blade 
ing  froia   20°   to   65°.      Thp 
was   5   Inchf s    greater   fir 

sts   than  for    thp   tests   at 
.    2.) 

Thp   propeller   blades   were   of   Hami It - n—Standard   d.psign 
designated   3155-6    (right   hand)   and   3156-6    (loft   hand), 
Thp   plan—form   and   the   blade-form   curvps   are   given   in   fig— 
ur P   3 , 

I thp   six—   and.   eight— bladp   sinr;lf—   an:!   dual—rotat- 
ing   propellers   and   for   the   four— blade   dual—r c tat ing   pr o— 
poll^rs,    thp   blades   wr=   mounted   in   separate   hubs   spaced 
15   inchps.      For   thp   two—,   thr <=••*—,   and   four—blade   single— 
r o t at inf;   pr opP 11 p r s ,    h~wp ver ,   t hp   b 1 adP s   WPr p   mount Pd   in 
thp   r. ar   hu f or   thp   1 -w a n f: 1 P   t P s t s thp 
sin«le—rotation   tests,    thp   fr-nt   blades    lpd   thp   rpar   bladPs 
by   75.0"   f-^r   thp   six—bladp   pr^pf ll^r   and   by   52,5''   for   thp 
e i r-ht— b 1 ade   pr op p 1 1P r . 

In order to facilitato reading valups from thp charts 
thp test points havp boon omitted fr-ri nest of thp curvps, 
Thp   general   accuracy   "f   the   fairings    is    indicatpd,   however 
b y   thp   p 1 o 11 P d   p'" i n t s   f 15' curves >f   f i »aire Tho 
tpst    limitations    of   tunnel   speed    (110   mph)   end   pr^pnllfr 
rotational   speed    (550   rpm)   rrsultec'   in   a   tip   spp"d   bpp-w 
3 00 fppt per 
therefore bo 

second and no pffpets of comprPSSlbi1ity would 
P X V P c t P d , 

In fow   pr P li mi nary   dual—r ot at i on   tpsts   at   bin. do 
settings   of   10°   and    15° ,   sot tin-'   th"   fr<-nt   and   rear   bladps 
at   thp   same   angle   was   found    to   result    in   nearly   equal   power 
absorption   at   ppak   of f icip ncy   f «r   each   component.      Tho 
front   and   roar   blades   ¥*rfl   c ens np? nt ly   sot   at   tho   sanie 
blade   angle   for   tho   pntir»   series   of   Pw  blade-angle   tests. 



RESULTS 

Thr> results fire prpspntpfl in tho usual nrndic»ns ional 
forni -f thrust copfficiont, powar c>pff ici^nt , and pr -pul— 
s iv^   fff icicr;cy , 

pffpctivp   thrust 
Cm ——  

pn   D 

pn  D 

'T    V 

'P   nD 

P 

V 

P 

P. 

cP. 
2 

p-:w*r   ah s-r 1: ed   hy  propeller,   f oot— p ounds   ppr   s^crnd 

cirspffid, feet ppr s^-ccnd 

i:T'"pfllpr rotational spopd, revolutions pnr socond 

propfllT   diam-tpr ,   feet 

nass   density   of   thp   air ,   slu;;s   ppr   cubic   foot 

f r o n t   h 1 a d n   anrlo   at    0.7 5R ,    d e' ,*rr o p s 

ror-r   "o 1 p..dp   an? 1 e   at   C . 75H ,   dP£^r Pps 

powpr—cc.pf f icipnt   for   front   proppllor 

power—c opf f ic innt   for   rear   propeller 

The   pffpctivo   thrust    is    thp   measured   thrust    of   thp 
pr opp llpr—h'-'dy   crhination   plus   thp   drag    -f   thp   tody   LIP a.s- 
urpd   without   a   pr cp° 1 l<--r , 

Thp   f i;'ur»s   «'ivin^   the   propoller   characteristics   ar P 
listed   in   thp   f ol1 rv; in*-';   tahlo; 



Number Bladft   anf;le 
F i .-cur ft of at   0.7 5H R itation Test   c ondit i'n 

tladfls (W~) 

A 2 10   tc   15 S i n r 1 e R e a r   hub,   with   wi n£ 
5 3 10   t •-•   15 — dr — Do. 
D 4 10   to   20 — n r  D-. 

7   a n d   8 4 10   to   2 0 Dual Wi t h   winp 
9 6 10   to   2 0 3 i n p. 1 n Do . 

10   and   3 1 6 10   to   2 0 Dual Do. 
IS 8 10   to   2 0 Sin f1ft Do, 

13   and   14 8 10   tc   2 0 Dual DA. 

15    to     17 2 2 0 tc. es Sin f-: 1 ft F r :• n t   hue ,   wit h o ut 
wi n£: 

1 8    t o    2 0 2 2 \j   t o   6 Li —d c— H ft a r   hu t,   with"u t 
w i n p 

21    tc     2.3 •7 20   to   6 5 —do— Front   huh,   with   win,«; 

No   Fttftir.pt   has   Ift-n   mad ft   to   pros-~nt   comparisons   bo — 
tv/ftftn   rlual   anr!   si nfüf-   rotati'n   at   th->   low   hlacl.«   anriss 
sincft   'V   apvn-"- c iah In   ,-;ain   in   thrust   fr-m   dual   rotation 
would   hft   --^xoftctftd.      Curyfts    of   pr-pollnr   char r- ct or is t i c ? 
at   tiadft   r-ru-olfts    of   2 0^    (fron   r^»mncfls    2   ana   4)   hay.   b-'-pn 
included   with   thft   10"   and   15"   curvps   whanftypr   thft   rhota 
v/ftrft   avail ah lft   in   ordftr   to   ,n?p   a   clftamr   pictura   '>f   thft 
relation   of   th«   10r'   and   15°   blad^-angl*   data   to   thft   data 
for   thft   hir'hftr   blade   angles. 

It   should   ba   n-otftd   that   thft   power—c oftf f iciont   curve 
f^r   th»   six—blade,   e i n^lft—r o tp t in,-;   pr •r   at   15     hladft 
anfrlft   has   b o " n   obtained   b^    ui- ..-.- -i •  .< ••• .u, 
curva   appeared   to   ho    in   orr or , 

y cr ••' s s -f air inf- sincn tho tost 

Tahlp. I is furnishod for tb--> purpose ~f relating the 
pr^sr n t p r -• t or <•.;o w i t h p r o v i •:• us work in ;•/ h i c h thft s a r. a "b ofl y 
and the same Vf sic pr ipp] lor were used. In thft table ar e 
1 i s t ft d   t h •-   i up c rtant   t ^ s t   c'm'it i^ns . 

Lanf;lpy   Koniorial   A^r .'nautical   Lao or r-t ory , 
National   An vis ory   C - -mnii 11 e o   for   Aoronautics, 

Lonr"lay  Field ,   Vn . 
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NACA Figs. 2, 3 

Figure 2.- Dlan view showing dimensional details of wing 
and nacelle. Front and rear nacelle lines 

substantially identical. Spinner A used when a = 10 in.; 
B used when a = 15 in. 
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NACA 
Fige. 4,5 

(1 block • 10 divisions on 1/32 Arch, scale) 

and 

.10 
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01 

.06 

OS 

.04 

.03 

.02. 

.0! 

-0 

-.01 

FIGURE !(.. - PROPELLER CHARACTERISTICS AT LOW   FIGURE 5. - PROPELLER CHARACTERISTICS AT LO» 
BLAOE AN6LES. T*0-BLAOE PROPELLER BLADE ANBLE. THREE-BLADE PROPELLER 
IN REAR HUB. IN REAR HUB. 
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NACA Figs. 6,7 

(1 block - 10 diTiiloni on 1/40 Ingx. acale) 

4    S  .6    1   .8 .9 10  I.I 

Figure 6.- Propeller characteristics Figure 7.- Propeller characteristics 
at low blade angles. Four- at low blade angles, 

blade single-rotating propeller in Four-blade dual-rotating propeller, 
rear hub. 



Fig. 8 

r-\ 

,1   ,2   ,3   ,4 
V/nD 

Figure 8.- Individual power-coefficient curves for four- 
"blade dual-rotating propeller. 
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NACA Figs. 9,10 

(1 block - 10/40') 

a--a. ^ /./ 
Figure 9.- Propeller characteristics Figure 10.- Propeller characteristics 

at low blade angles. Six- at low blade angles. Six- 
blade single-rotating propeller.    blade dual-rotating propeller. 
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NACA Figs. 11,12 

[1 block - 10/40") 

0   ./ Z   .3   .4   .5  .6   .7   3   .9   10  1,1 

Figure 11.- Individual power-coeffi- Figure 12.- Propeller characteristics 
cient curves for si-x- at low blade angles, 

blade dual-rotating propeller.      Eight-blade single-rotating propeller, 



rH NACA Figs. 13,14 

(1 bloc* - 10/40") 

0 ./  .2 .3 .4 5   :6 .7 , 3 .9 '.(? /./ 0 ./ .2 J .4 ..f .6   .7 .6 . .5 1.0  /.£ 
Figure 1?.- Prooeller characteristics Figure 14.- Individual power- 

at low blade angles. Eight coefficient curves for 
-blade dual-rotating propeller. eight-blade dual-rotating propeller. 
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